0 02/100947 A1l

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
19 December 2002 (19.12.2002)

PCT

(10) International Publication Number

WO 02/100947 Al

(51) International Patent Classification’: CO8L 55/02,

69/00, CO8K 5/49, CO8L 101/00

(21) International Application Number: PCT/KR01/02262

(22) International Filing Date:
26 December 2001 (26.12.2001)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

2001/31959 8 June 2001 (08.06.2001) KR

(71) Applicant (for all designated States except US): CHEIL
INDUSTRIES INC. [KR/KR]; 290 Gongdan-dong, Kumi-
shi, 730-710 Kyungsangbuk-do (KR).

(72) Inventors; and

(75) Inventors/Applicants (for US only): YANG, Jae Ho
[KR/KR]; Haanyangbaekdu Apt. 981-1205, 1119 San-
bon-dong, Gunpo-si, 435-040 Gyeonggi-do (KR). HONG,
Sang Hyun [KR/KR]; Seorak Apt. 857-704, Suri-dong,
Gunpo-si, 435-753 Gyeonggi-do (KR). LEE, Gyu Chul
[KR/KR]; Jugong Apt. 150-106,, 333 Cheoncheon-dong,
Jangan-gu, Suwon-si, 440-330 Gyeonggi-do (KR). JANG,
Young Gil [KR/KR]; 141-94 Sadang3-dong, Dongjak-gu,
156-093 Seoul (KR). BAE, Su Hak [KR/KR]; Hyundai

Apt. 101-810,, 707 Seongsulga2-dong, Seongdong-gu,
133-112 Seoul (KR).

(74) Agent: CHOI, Duk Kyu; 5th Floor Chunwoo Bldg., 736

Yoksam-dong, Kangnam-gu, 135-080 Seoul (KR).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL,, IN, IS, JP, KE, KG, KP,KZ, L.C, LK,
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX,
MZ, NO, NZ, PH, PL, PT, RO, RU, SD, SE, SG, SI, SK,
SL, T], TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA,
ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Burasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR,
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent
(BE, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR,
NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: FLAME RETARDANT THERMOPLASTIC RESIN COMPOSITION

(57) Abstract: The present invention relates to a flame retardant thermoplastic resin composition that contains a phenol resin deriva-
tive having good char formability, regardless of the base resin. A flame retardant thermoplastic resin composition according to the
present invention comprises (A) 100 parts by weight of a thermoplastic resin as a base resin, (B) about 0.1~100 parts by weight of a
phenol resin derivative, and (C) about 0.1~50 parts by weight of a phosphorous compound or a mixture of phosphorous compounds.



WO 02/100947 PCT/KR01/02262

10

15

20

FLAME RETARDANT THERMOPLASTIC RESIN COMPOSITION

Field of the Invention

The present invention relates to a thermoplastic resin composition with good
flame retardancy. More particularly, the present invention relates to a flame
retardant thermoplastic resin composition that contains a phenol resin derivative

having good char formability, regardless of the base resin.

Background of the Invention

To improve flame retardancy of a thermoplastic resin composition is a major
target to the research and development of the resin for a long time. It has been
known the best method of using a halogen compound to prepare a flame retardant
thermoplastic resin composition. U.S. Patent Nos. 4,983,658 and 4,883,835 disclose
thermoplastic resin compositions using a halogen compound as a flame retardant.
The thermoplastic resin composition using a halogen compound shows good flame
retardancy regardless of the base resin. However, the disadvantages could be
observed that the halogen-containing compound results in the corrosion of the mold
itself by the hydrogen halide gases released during the molding process and is fatally
harmful due to the toxic gases liberated in case of fire. Therefore, halogen-free
flame retardants have become a major concern in this field.

The representative halogen-free flame retardant is a phosphorous flame
retardant nowadays. The phosphorous compound is superior to the halogen
compound in corrosion of apparatus and toxic gas liberation. However, the
phosphorous compound cannot provide better flame retardancy than the halogen
compound, and, if more amount of the phosphorous compound is used to improve

flame retardancy, the heat resistance is deteriorated. Furthermore, base resins are
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limited when the phosphorous compound is used as a flame retardant.

Another method to improve flame retardancy of a thermoplastic resin
composition is add a material with good char formability to the base resin with poor
char formability to form char film during combustion. The char film blocks
transporting of oxygen, heat, and other fuel gases which could accelerate
combustion of the resin.

As a phenol resin has a good char formability, it has been targeted to conduct
a research of the flame retardant thermoplastic resin composition. However, the
phenol resin has disadvantages that the intensity of the char film is not so strong, the
phenol resin has a poor compatibility with other resin due to polarity of the resin,
and a color change problem occurs because of weak weatherability.

Accordingly, the present inventors have developed a flame retardant
thermoplastic resin composition that employs a phenol resin derivative which
overcome the shortcomings above of the phenol resin. In the flame retardant
thermoplastic resin composition according to the present invention, the phenol resin
derivative solves the color change problem due to use of phenol resin and improves
compatibility with other polymer resins. The phenol resin derivative provides the

flame retardant thermoplastic resin composition with good char formability.

Objects of the Invention

A feature of the present invention is the provision of a thermdplastic resin
composition with excellent flame retardancy, regardless of the base resin.

Another feature of the present invention is the provision of a thermoplastic
resin composition with good weatherability against ultraviolet and good
compatibility with other polymer resins.

A further feature of the present invention is the provision of a thermoplastic
resin composition that does not result in corrosion of the mold apparatus by the

hydrogen halide gases released during the molding process and that does not liberate
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toxic gases in case of fire.-
Other objects and advantages of this invention will be apparent from the

ensuing disclosure and appended claims.

Summary of the Invention

A flame retardant thermoplastic resin composition according to the present
invention comprises (A) 100 parts by weight of a thermoplastic resin as a base resin,
(B) about 0.1~100 parts by weight of a phenol resin derivative, and (C) about 1~50
parts by weight of a phosphorous compound or a mixture of phosphorous

compounds.

Detailed Description of the Invention

(A) Thermoplastic Resin (Base Resin)

Any thermoplastic resin can be used as a base resin in the present invention.
In case of using a phosphorous compound as a flame retardant, the base resin is
limited because it is difficult to obtain a sufficient flame retardancy. However, in the
present invention, as both a phenol resin derivative and a polyphenylene ether resin
are employed, a thermoplastic resin with no or poor char formability can be used as
a base resin, resulting in sufficient flame retardancy.

The examples of the thermoplastic resin as base resin include
polyacrylonitrile-butadiene-styrene copolymer (ABS resin), rubber modified
polystyrene resin (HIPS), acrylonitrile-styrene-acrylate copolymer (ASA resin),
methacrylate-butadiene-styrene copolymer (MBS resin),
acrylonitrile-ethacrylate-styrene copolymer (AES resin), polycarbonate (PC),
polyethylene (PE), polypropylene (PP), polyethylene terephthalate (PET),
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polybutylene terephthalate (PBT), polyvinyl chloride (PVC), polymethyl
methacrylate (PMMA), polyamide (PA), and a copolymer thereof and an alloy

thereof.

(B) Phenol Resin Derivative

When a phenol resin is used in a thermoplastic resin composition to improve
flame retardancy, the phenol resin has disadvantages that the intensity of the char
film is not so strong, the phenol resin has a poor compatibility with other resin due
to polarity of the resin, and a color change problem occurs because of weak
weatherability against ultraviolet. A phenol resin derivative is used to overcome the
shortcomings of a phenol resin. The phenol resin derivative has good compatibility
with other polymer resins to be used. The phenol resin derivative is used to provide
the base resin with good char formability so as to improve flame retardancy, which

has a chemical structure represented by the following Formula (I):

R O0—Ry R O0—R; O—Ru
! R, Rz R R,
Hz CHZ ( I )
n
RS Rs Rs

where R, is alkyl of Cy.34; aryl; alkyl-substituted aryl; O-, N-, P- or
S-containing alkyl; O-, N-, P- or S-containing aryl; or O-, N-, P- or S-containing
alkyl-substituted aryl; R,, R, and Ry are hydrogen, alkyl of C;.34; aryl;
alkyl-substituted aryl; O-, N-, P- or S-containing alkyl; O-, N-, P- or S-containing
aryl; or O-, N-, P- or S-containing alkyl-substituted aryl; and n is an integer of 1 to

10,000, preferably 1 to 300 considering mechanical properties and processability.

During combustion, the phenol resin derivative prevents the combusted gases
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from flowing out by forming char film and oxygen or air from flowing in,
functioning as a flame retardant additive. The phenol resin derivative overcomes
disadvantages of phenol resin when the phenol resin is used in a thermoplastic resin
composition, which are weak intensity of the char film, poor compatibility with
other resin due to polarity of the phenol resin, and a color change problem due to
weak weatherability.

The preferable examples of the phenol resin derivative include o-cresol
novolak epoxy resin and phenol epoxy resin. The phenol resin derivatives are used
in single or in mixture.

The phenol resin derivative may be used in the amount of about 0.01 to 100

parts by weight based on 100 parts by weight of the base resin.

(C) Phosphorous Compound

The phosphorous compound usable in the present invention include a
phosphoric acid ester compound, a phosphoamidate compound, an oxaphosphorane
compound, a carboxy phosphinic acid compound, phosphoric acid ester morpholide
compound and a phosphazene compound. The phosphorous compounds are used in
single or in combination. The phosphorous compound may be used in the amount of
about 1 to 50 parts by weight based on 100 parts by weight of the base resin. The

phosphorous compounds are described in detail as follow:

Phosphoric Acid Ester Compound and Phosphoamidate Compound: The

phosphoric acid ester compound and phosphoamidate compound are represented by

the following chemical Formula (II):
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R
Rs N
ﬁ il
R4 Y p—v | X Y —P—Y. Ry
—+ ~
Y Y
Rs R3 1I
Rs Rs Rz Rs (D
Ry Ry

where Rs, Ry and R are hydrogen or alkyl of C;.4, X is aryl of Cg.y or aryl of
alkyl-substituted Cq.,, that are derivatives from dialcohol such as resorcinol,
hydroquinol, bisphenol-A and bisphenol-S, Y is oxygen or nitrogen, and m is in the
range of 0 to 4.

If m is 0 in Formula (II), the compounds may be triphenyl phosphate,
tricresyl phosphate, trixylenyl phosphate, tri(2,6-dimethylphenyl) phosphate,
tri(2,4,6-trimethylphenyl) phosphate, tri(2,4-ditertiarybutylphenyl) phosphate,
tri(2,6-ditertiarybutylphenyl) phosphate and the like, and if m is 1, the compounds
may be resorcinolbis(diphenyl) phosphate, resorcinolbis(2,6-dimethylphenyl)
phosphate, resorcinolbis(2,4-ditertiary butylphenyl) phosphate,
hydroquinol(2,6-dimethylphenyl) phosphate, hydroquinol(2,4-ditertiarybutylphenyl)
phosphate and the like. The phosphorous compounds are used in single or in

combination.

Oxaphosphorane Compound: The oxaphosphorane compound is represented

by the following chemical Formula (III):

O
o\\P/ O
R/1 )n (1)
R2 R3
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where R, is hydrogen, alkyl of Cy, or aryl of Cq.15, R, and R are hydrogen or

alkyl of Cy.¢, and n is in the range of 1 to 3.
The preferable examples of the oxaphosphorane compound are 2-methyl-2,
5-dioxo-1-oxa-2-phosphorane and 2-phenyl-2, 5-dioxo-1-oxa-2-phosphorane. The

oxaphosphorane compounds are used in single or in combination.

- Carboxy Phosphinic Acid Compound: The carboxy phosphinic acid

compound is represented by the following chemical Formula (IV):

0
I
R1——IT—R2—COZH (IV)

OH

where R, is hydrogen, alkyl of Cy_1,, aryl of Cg.y, or alkyl-substituted aryl of
Cq.5, Ry is alkylene of C_j,, ring type alkylene of C_;,, aryl of Cq.1o, OF
alkyl-substituted aryl of Cg._15.

The preferable examples of the carboxy phosphinic acid compound are
2-carboxy-ethyl-methyl-phospanic acid, 2-carboxy-ethyl-phenyl-phospanic acid, and
2-carboxy-methyl-phenyl-phospanic acid. The carboxy phosphinic acid compounds

are used in single or in combination.

Phosphoric Acid Ester Morpholide Compound: The phosphoric acid ester

morpholide compound is represented by the following chemical Formula (V):
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0 0
2] 1} 1]
[ R1—o}§;g‘{o-—Rz—o—Hn—[o—Rz—o—lkan‘mR,

G S

X

where R; is a Cq.9 aryl group or an alkyl-substituted Cg. aryl group, R, is a
Ce.30 aryl group or an alkyl-substituted Cq.3¢ aryl group, x is 1 or 2, and n and m are

5 number average degree of polymerization and n+m is 0 to 5.

In Formula (V), preferably R is a phenyl group or an alkyl-substituted
phenyl group where the alkyl is methyl, ethyl, isopropyl, t-butyl, isobutyl, isoamyl
or t-amyl, preferably methyl, ethyl, isopropy! or t-butyl, and R, means preferably a
10 Cg3p aryl group or an alkyl-substituted Cq.3 aryl group which is a derivative from

resorcinol, hydroquinone or bisphenol-A.

The phosphoric acid ester morpholide compounds are used in single or in
combination.

15

Phosphazene Compound: The linear phosphazene compound is represented
by the following chemical Formula (VI) and the cyclic phosphazene compound is

represented by the following chemical Formula (VII):

Tl - Tl .
R3—1I’=N~—*|P=N~—P—€Rs)4 (VD)
Re - R, 4k

20
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R,
RZ\P/_
4 N \ Ro (VID)
P =N
[\| N Tk R,
R, K

where R;, R,, and R; are independently alkyl, aryl, alkyl substituted aryl,
aralkyl, alkoxy, aryloxy, amino or hydroxyl, and k is an integer from 0 to 10. The
alkoxy and aryloxy groups may be substituted with alkyl, aryl, amino, hydroxyl,

nitrile, nitro, aryl with hydroxy, and the like.

Other additives may be used in the thermoplastic resin composition of the
present invention. The additives include an impact modifier, a heat stabilizer, an
oxidation inhibitor, a light stabilizer, and an inorganic filler such as talc, silica, mica,
glass fiber, an organic or inorganic pigment and/or dye. The additives are employed

up to about 50 parts by weight as per 100 parts by weight of the base resin.

The invention may be better understood by reference to the following
examples which are intended for the purpose of illustration and are not to be
construed as in any way limiting the scope of the present invention, which is defined
in the claims appended hereto. In the following examples, all parts and percentage

are by weight unless otherwise indicated.

Examples

The components to prepare flame retardant thermoplastic resin compositions

in Examples 1~ 12 and Comparative Examples 1 ~6 are as follows:
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(A) Thermoplastic Resin (Base Resin)

(A;) High Impact Polystyrene (HIPS)
The high impact polystyrene was prepared through a conventional process,
having 9 % by weight of rubber content, 1.5 pm of average rubber particle size, and

220,000 of weight average molecular weight.

(A2) SAN Graft Copolymer

- 50 parts of butadiene rubber latex powder, 36 parts of styrene, 14 parts of
acrylonitrile and 150 parts of deionized water were mixed. To the mixture, 1.0 parts
of potassium oleate, 0.4 parts of cumenhydroperoxide, 0.2 parts of
mercaptan-containing chain transfer agent, 0.4 parts of glucose, 0.01 parts of iron
sulfate hydroxide and 0.3 parts of pyrophosphate sodium salt were added. The blend
was kept at 75°C for 5 hours to obtain ABS latex. To the ABS latex, 0.4 parts of
sulfuric acid was added, coagulated and dried to obtain styrene-containing graft

copolymer resin (g-ABS) in powder form.

(A3) SAN copolymer

75 parts of styrene, 25 parts of acrylonitrile, 120 parts of deionized water,
0.15 parts of azobisisobutylonitrile (AIBN) were blended. To the blend, 0.4 parts of
tricalciumphosphate and 0.2 parts of mercaptan-containing chain transfer agent were
added. The resultant solution was heated to 80°C for 90 minutes and kept for 180
minutes. The resultant was washed, dehydrated and dried. Styrene-acrylonitrile

copolymer (SAN) was obtained.

(A4) Polycarbonate Resin
Polycarbonate of linear bisphenol-A type with a weight average molecular

weight of 25,000 was used.
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(B) Phenol Resin Derivative

(B1) The phenol resin derivative by Kukdo Chemical Co. of Korea (product
name: YDCN-500-7P) was used, being represented by the following Formula (VIII):

5
O—CH2—~CH\O~—/CH2 O—CH,y— CH\(—)}CHz O——CHQ—CH\—/CHQ
H;C H.C.
H.C 3 F : s (VIID)
( ) CH C ) CH. ( )
I 2 1,

where n has an average value of 2.3.

10 (B,) Novolak resin of 50 g with a softening point of 85 °C, 200 g of benzyl

chloride, and 150 g of isopropanol were dissolved in 20 ml of water, and the
resulting solution was heated to 70 °C. With agitation, 100 g of 20 % NaOH was
added to the solution over 1 hour. After reaction for more two hours, the solution
was cooled to room temperature. The organic layer was separated from the water

15 layer, and washed with distilled water several times. The separated organic layer
was vacuum-distilled to remove benzyl chloride and solvent. The resultant was dried

in an oven to obtain the final product that is represented by the following Formula

(IX):

o—cm—@ o—cm—@ O—CHz@
o O ] O

(IX)

20

where n has an average value of 3.4.

(Bs) To compare with the phenol resin derivatives, a novolak phenol resin
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with a molecular weight of about 1000 was used, being represented by the following

Formula (X):
OH OH OH
(X)
CH; CHj;
n
5
where n has an average value of 5.2.
(C) Phosphorous Compound
10 (C,) Triphenylphosphate (TPP) with a melting point of 48 °C was used.
(C,) Resorcinol diphosphate (RDP) that is a viscous liquid at room
temperature was used.
15 (G;) Triphenyl morpholido resorcinol diphosphate (TPP) represented by the

following Formula (XI) was used:

[Oj @ (XI)

20 Examples 1-12

In Examples 1-5 and Comparative Examples 1-3, the compositions of the

components are shown in Table 1. The resin compositions were extruded at
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200~280 °C with a conventional twin screw extruder in pellets.

The resin pellets were dried at 80 °C for 3 hours, and molded into test
specimens for measuring limited oxygen index (LOI) using a 6 oz injection molding
machine at 220~280C. The limited oxygen index was measured in accordance with

5 ASTM D2863.

Comparative Examples 1-6

In Comparative Examples 1, 3 and 5, neither a phenol resin derivative nor a
10  phenol resin was used, and in Comparative Examples 2, 4 and 6, a phenol resin (Bs)

was used instead of a phenol resin derivative.

Table 1
Components LOI
A B C
Al A2 A3 A4 Bl B2 B3 C1 c2 C3
Examples
1 100 - - - 10 - - 15 - - 36
2 100 - - - 10 - - - 15 - 36
3 100 - - - 10 - - - - 15 35
4 100 - - - - 10 - 15 - - 36
5 100 - - - - 10 - - 15 - 34
6 100 - - - - 10 - - - 15 36
7 - 70 30 - 10 - - 15 - - 35
8 - 70 30 - - 10 - 15 - - 34
9 - 70 30 - 10 - - - 15 - 34
10 - 42 18 40 10 - - 15 - - 39
11 - 42 18 40 - 10 - 15 - - 36
12 - 42 18 40 - 10 - - - 15 37
Comp. Ex
1 100 - - - - - - 15 - - 21
2 100 - - - - - 10 15 - - 27
3 - 70 30 - - - - 15 - - 23
4 - 70 30 - - - 10 15 - - 29
5 - 42 18 40 - - - 15 - - 26
6 - 42 18 40 - - 10 15 - - 30
15 Table 1 shows LOI of the resin compositions of Examples 1-12 and

Comparative Examples 1-6. The higher LOI is, the more oxygen is required to burn
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the resin, which means that a higher LOI indicates good flame retardancy.

In Examples 1-12, a phenol resin derivative (B;) or (B,) was used. In
Comparative Examples 1, 3 and 5, neither a phenol resin derivative nor a phenol
resin was used, and in Comparative Examples 2, 4 and 6, a phenol resin (B;) was
used instead of a phenol resin derivative. The LOIs of Examples 1-12 are higher
than those of Comparative Examples 1-6, showing better flame retardancy.

Accordingly, use of a phenol resin derivative with good char formability in a
thermoplastic resin composition can provide good flame retardancy regardless of the
base resin. Even if the base resin has no or poor char formability, the phenol resin

derivative can provide good flame retardancy.

The present invention can be easily carried out by an ordinary skilled person
in the art. Many modifications and changes may be deemed to be with the scope of

the present invention as defined in the following claims.
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What is claimed is:

1. A flame retardant thermoplastic resin composition comprising:
(A) 100 parts by weight of a thermoplastic resin as a base resin;
5 (B) about 0.1~100 parts by weight of a phenol resin derivative represented by

the following Formula;

R O_ Rl R O_ Rl O_ Rl
! R2 4 RZ R4 Rz
H, CH; (1)
n
R3 Rs Rs
10 where R, is alkyl of C;.4; aryl; alkyl-substituted aryl; O-, N-, P- or

S-containing alkyl; O-, N-, P- or S-containing aryl; or O-, N-, P- or S-containing
alkyl-substituted aryl; R,, R;, and R4 are hydrogen, alkyl of C;.34; aryl;
alkyl-substituted aryl; O-, N-, P- or S-containing alkyl; O-, N-, P- or S-containing
aryl; or O-, N-, P- or S-containing alkyl-substituted aryl; and n is an integer of 1 to

15  10,000; and

(C) about 1~50 parts by weight of a phosphorous compound.

2. The flame retardant thermoplastic resin composition as defined in claim 1,

20  wherein said base resin is selected from the group consisting of
polyacrylonitrile-butadiene-styrene copolymer (ABS resin), rubber modified
polystyrene resin (HIPS), acrylonitrile-styrene-acrylate copolymer (ASA resin),
methacrylate-butadiene-styrene copolymer (MBS resin),
acrylonitrile-ethacrylate-styrene copolymer (AES resin), polycarbonate (PC),

25 polyethylene (PE), polypropylene (PP), polyethylene terephthalate (PET),
polybutylene terephthalate (PBT), polyvinyl chloride (PVC), polymethyl
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methacrylate (PMMA), polyamide (PA), and a copolymer thereof and an alloy
thereof.

3. The flame retardant thermoplastic resin composition as defined in claim 1,
5  wherein said phenol resin derivative is selected from the group consisting of o-cresol

novolak epoxy resin, phenol epoxy resin and a mixture thereof.

4. The flame retardant thermoplastic resin composition as defined in claim 1,
wherein said phosphorous compound is selected from the group consisting of a

10 phosphoric acid ester compound, a phosphoamidate compound, an oxaphosphorane
compound, a carboxy phosphinic acid compound, phosphoric acid ester morpholide

compound, a phosphazene compound and a mixture thereof.

5. The flame retardant thermoplastic resin composition as defined in claim 4,
15 wherein said phosphoric acid ester compound and phosphoamidate compound are

represented by the following Formula:

Rs Rs
1
R4 Y———g—Y—PX—Y-——P—Y R4

| I m
Y Y

R

];53 Rs R3 Rs3 (D)
Ry Ry
20 where R, Ry and Rs are hydrogen or alkyl of Cy4, X is aryl of Cy_ or aryl of

alkyl-substituted Cq.,othat are derivatives from dialcohol such as resorcinol,
hydroquinol, bisphenol-A and bisphenol-S, Y is oxygen or nitrogen, and m is in the

range of 0 to 4.
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6. The flame retardant thermoplastic resin composition as defined in claim 4,

wherein said oxaphosphorane compound is represented by the following Formula:

quy;

R2 R3

where R, is hydrogen, alkyl of Cy.¢, or aryl of Cs_5, R, and R; are hydrogen or

alkyl of Cy.4, and n is in the range of 1 to 3.

7. The flame retardant thermoplastic resin composition as defined in claim 4,
wherein said carboxy phosphinic acid compound is represented by the following

Formula:

O
1
R1—IT—R2—COZH (IV)

OH

where R; is hydrogen, alkyl of Cy_j, aryl of Cg_y0, or alkyl-substituted aryl of
Cq.15, Ry 1s alkylene of Cy.y,, ring type alkylene of Cy.;,, aryl of Cg_p,, or
alkyl-substituted aryl of Cq_15.

8. The flame retardant thermoplastic resin composition as defined in claim 4,
wherein said phosphoric acid ester morpholide compound is represented by the

following Formula:
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o)

o) 0
H
[R~Of —{O—Rz o- PHO—R2 o- PJI—0~R1

oo

®)

X

where R is a Cq.9 aryl group or an alkyl-substituted Cg, aryl group, R; is a
Ce.30 aryl group or an alkyl-substituted Cg.3 aryl group, x is 1 or 2, and n and m are

5 number average degree of polymerization and n+m is 0 to 5.

9. The flame retardant thermoplastic resin composition as defined in claim 4,

wherein said phosphazene compound is represented by the following Formulae (VI)

or (VII):
10
Ri - Tl .
R3_1|):=N-—IP=N—-—-P—€R3)4 (VD)
Re -R; 1k
R,
Ra—_ /
P—N
Va AN
N P Ry (VII)
NT
r I k Rl
15 where R;, Ry, and R; are independently alkyl, aryl, alkyl substituted aryl,

aralkyl, alkoxy, aryloxy, amino or hydroxyl, and k is an integer from 0 to 10. The

alkoxy and aryloxy groups may be substituted with alkyl, aryl, amino, hydroxyl,
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nitrile, nitro, or aryl with hydroxy.

10.  The flame retardant thermoplastic resin composition as defined in claim 1,
further comprising an additive selected from the group consisting of an impact
modifier, a heat stabilizer, an oxidation inhibitor, a light stabilizer, and an inorganic
filler such as talc, silica, mica, glass fiber, an organic or inorganic pigment and/or

dye up to about 50 parts by weight as per 100 parts by weight of the base resin.

11. A molded article prepared by the flame retardant thermoplastic resin

composition of any one of claims 1-10.
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